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(37) ABSTRACT

Insulating members are provided for use in nozzles of
clevated temperature process vessels employing a structural
metal shell (24), an insulating refractory lining (14) and a
corrosion-resistant membrane (18) lining between the struc-
tural shell and refractory lining. The insulating members
comprise pre-formed insulating sleeves and 1nserts and are
made of a thermally insulating material having suflicient
thickness and sufliciently low thermal conductivity such
that, when the sleeve or insert 1s heated by the process
temperature during operation of the vessel, the thermal
energy transmitted through the sleeve or insert to the mem-
brane 1s insuflicient to raise the temperature of the mem-
brane above a target temperature. The most preferred ther-
mally insulating materials are fluoropolymers such as poly
(tetrafluoroethylene) tlouropolymer resins.
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INSULATING INSERTS FOR ELEVATED
TEMPERATURE PROCESS VESSELS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national stage application of

International Application No. PCT/CA2002/001243, filed
Aug. 9, 2002, having an International Publication Number

of W(O/2004/014545 and an International Publication Date
of Feb. 19, 2004.

FIELD OF THE INVENTION

The 1nvention relates to the structure of nozzles for

clevated temperature process vessels, and particularly to the
use of thermally insulating structures for use 1n nozzles of

such vessels.

BACKGROUND OF THE INVENTION

Process vessels operating at elevated temperatures and
containing corrosive fluids are used in several industries,
including pressure reaction and letdown vessels such as
autoclaves, heater vessels and flash vessels 1n hydrometal-
lurgical processes extracting metal values from ores, con-
centrates and slags.

These vessels typically employ a structural metal shell, a
refractory lining and a corrosion-resistant membrane lining
between the structural shell and refractory lining. The mem-
brane protects the structural shell from corrosion by process
fluids such as high temperature acid, and the refractory
lining protects the membrane from the elevated temperatures
inside the vessel. The design of the refractory lining 1is
intended to limit the temperature of the corrosion-resistant
membrane to a target temperature, for example to protect the
membrane by limiting its temperature to its maximum
allowable service temperature. In a typical example, the
membrane may be lead and the refractory lining may be
insulating brick. A typical membrane may have a maximum
allowable service temperature on the order of about 80° C.
to 120° C.

This lining system works well for the body of the process
vessel, but at the nozzles which connect the vessel to the
process piping there can be msuflicient space to include a
sufliciently insulating thickness of the refractory lining
inside the nozzle, which can result 1n the membrane being
subjected to unacceptably high temperatures. It 1t 1s discov-

cred that membrane temperatures are unacceptably high,
then additional insulation must be retrofit into the nozzle.

Another problem 1in insulating the corrosion-resistant
membrane from elevated process temperatures i1s that the
heat can travel around the refractory lining, by conduction
through the cover and nozzle flange, and so to the membrane
via the steel shell.

Metallic sleeves and inserts have been used in the past,
made of a wide variety of materials, including stainless steel,
duplex and super-duplex stainless steels and titanium. These
materials, while resistant to corrosive attack under various
conditions, are deficient 1n thermal insulating properties.

There have also been instances where a polymeric resin,
typically furan resin, has been poured between a metallic
sleeve and the refractory lining of a nozzle to provide
insulating value. However, these polymers have a limited
service temperature above which they degrade, and 1t has
been found that these insulating layers adhere the sleeve to
the underlying refractory layer, making replacement of the
sleeve difficult.
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Accordingly, the need exists for more eflective systems
for insulating nozzles of process vessels containing corro-
sive tluids operating at elevated temperatures. In particular,
the developing field of extracting metal values via hydro-
metallurgical processes requires, for some ore bodies, higher
process temperatures than have previously been used. In the
past, process temperatures of about 150° C. were typical. In
order to process a wider range of ores, 1t 15 not uncommon
for some currently used processes to operate at considerably
higher temperatures and pressures, for example with the
operating temperature 1nside the vessel being up to 300° C.
Improved nsulation methods are therefore required 1n order
to maintain the membrane temperatures below an upper
limiting temperature (such as the maximum allowable ser-
vice temperature), by insulating it against higher process
temperatures.

SUMMARY OF THE INVENTION

The present 1invention overcomes the difliculties of the
prior art by providing pre-formed insulating sleeves and
inserts for nozzles of process vessels containing corrosive
fluids and operating at elevated temperatures.

In one preferred embodiment, the ivention provides a
pre-formed, replaceable, polymeric insulating insert which
defines the inner surface of the nozzle. The insert 1s resistant
to corrosive process fluids and elevated temperatures, and
and also functions to 1nsulate the nozzle, thereby preventing
damage to the membrane lining of the nozzle.

In one aspect, the present invention provides a nozzle for
a process vessel for operation at an elevated process tem-
perature, the vessel having an outer metal shell, an inner
insulating liming, and a membrane between the insulating
lining and the outer shell, the nozzle having an interior
communicating with an interior of the vessel and compris-
ing: (a) a nozzle outer shell sealed to the outer shell of the
vessel, the nozzle outer shell having first and second open
ends, and a side wall defining a nozzle axis extending
between the first and second ends of the nozzle outer shell;
(b) a nozzle membrane lining an interior surface of the
nozzle outer shell, the nozzle membrane being sealed to the
membrane of the vessel; (¢) a cover provided on the first end
of the nozzle outer shell; and (d) a preformed insulating
sleeve comprised of a thermally insulating material having
a maximum allowable service temperature greater than an
operating temperature 1inside the nozzle, the insulating
sleeve being hollow and having a side wall having an 1nner
surface and an outer surface, the side wall of the sleeve
extending along the nozzle axis between the first and second
ends of the nozzle outer shell; wherein the side wall of the
insulating sleeve 1s of suilicient thickness and has sufli-
ciently low thermal conductivity such that, when the insu-
lating sleeve 1s heated by the process temperature during
operation of the vessel, the outer surface of the side wall
remains at a sufliciently low temperature such that thermal
energy transmitted through said insulating sleeve to said
nozzle membrane 1s msuilicient to raise the temperature of
any part of the nozzle membrane above a target temperature.

In another aspect, the present invention provides A nozzle
for a process vessel for operation at elevated temperature,
the vessel having an outer metal shell, an mner mnsulating
lining, and a membrane between the msulating lining and the
outer shell, the nozzle having an interior communicating
with an interior of the vessel and comprising: (a) a nozzle
outer shell sealed to the outer shell of the vessel, the nozzle
outer shell having first and second open ends, and a side wall
defining a nozzle axis extending between the first and
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second ends of the nozzle outer shell; (b) a nozzle membrane
lining an 1nterior surface of the nozzle outer shell, the nozzle
membrane being sealed to the membrane of the vessel; (¢)
a cover provided on the first end of the nozzle outer shell, the
cover having a first surface, a second surface supported 1n
tacing relationship to the first end of the nozzle outer shell,
and an 1nner surface extending between the first and second
surfaces of the first cover, the inner surface defining an
aperture in the cover; and (d) a hollow, axial insulating
member comprised of a thermally 1nsulating material having,
a maximum allowable service temperature greater than an
operating temperature 1nside the nozzle, the axial imnsulating
member comprising a side wall having a first end, a second
end, an 1nner surface and an outer surface, the inner surface
facing an interior of the nozzle and the outer surface facing
the inner surface of the cover; wherein the side wall of the
axial msulating member 1s of suflicient thickness and has
sufliciently low thermal conductivity such that, when the
axial mnsulating member 1s heated by the process tempera-
ture during operation of the vessel, the outer surface of the
insulating member side wall remains at a sufliciently low
temperature such that thermal energy transmitted through
the insulating member to the nozzle membrane 1s insutlicient
to raise the temperature of any part of the nozzle membrane
above a target temperature.

BRIEF DESCRIPTION OF THE

DRAWINGS

The invention will now be described, by way of example
only, with reference to the accompanying drawings, 1
which:

FIG. 1 1s a cross-sectional view of the nozzle of an
clevated temperature, high pressure process vessel incorpo-
rating an 1nsulating sleeve according to a first preferred
embodiment of the present invention;

FIG. 2 1s a cross-sectional view through the nozzle of an
clevated temperature, high pressure process vessel mcorpo-
rating an insulating sleeve according to a second preferred
embodiment of the present invention;

FIG. 3 1s a closeup of area A 1 FIG. 2; and

FIGS. 4A to 4F are radial cross-sectional views through a
preferred insulating sleeve according to the invention having,
means for accommodating thermal expansion.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the invention are now
described with reference to the drawings.

FIG. 1 illustrates a portion of an elevated temperature,
high pressure process vessel 10 which may preferably
comprise an autoclave, a heater vessel or a tlash vessel.
Vessel 10 1s preferably used 1in a hydrometallurgical process
such as pressure acid leach (PAL) or a pressure oxidation
leach (POX), to extract metal values from ore. The vessel 10
has a shell 12 comprised of a plurality of layers, including
an 1nner refractory limng 14, an outer metal shell 16, and a
membrane 18 between the refractory lining 14 and outer
shell 16. Although not shown i FIG. 1, 1t will also be
appreciated that the refractory lining 14 1s preferably made
up of layers of imdividual refractory bricks, with the joints
between bricks being filled with mortar.

The membrane 18 1s preferably comprised of a flexible or
malleable matenal, typically comprising a layer of rubber,
vinyl ester, furan, phenolic resin, lead or other corrosion
resistant material. The membrane 18 protects the outer shell
16 from contact with the corrosive process fluid inside
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vessel 10. The outer metal shell 16 contains the pressure
inside the vessel 10, and 1s typically made of a metal such
as carbon steel, which 1s susceptible to corrosive attack.

The vessel 10 1s provided with a nozzle 20 which connects
the interior of vessel 10 to process piping (not shown), and
through which the vessel 10 may be charged or discharged.
It will be appreciated that a plurality of nozzles will pret-
erably be provided in the shell of vessel 10. It will also be
appreciated that some nozzles do not meet the process vessel
at a rnight angle, and also that while some nozzles project
upward, others project at different angles including sideways
or downward.

The nozzle 20 has an outer shell 24 which projects
outwardly from the outer shell 16 of vessel 10. The nozzle
outer shell 24 has a lower end 26 which 1s sealed to the outer
shell 16 of vessel 10, an upper end 28 provided with a
radially outwardly extending flange 30, and a side wall 32
extending between the lower and upper ends 26,28 of nozzle
outer shell 24, the nozzle side wall 32 defining a nozzle axis
34.

The lower open end 26 of nozzle outer shell 24 1s
preferably secured to the metal shell 16 of vessel 10 by
welding or the like, and 1s preferably formed from the same
material as metal shell 16.

The nozzle 20 preferably has a circular cross-section, with
the side wall 32 of nozzle outer shell 24 preferably being
cylindrical, and flange 30 preferably being annular.

The nozzle further comprises a nozzle membrane 36
which lines an interior surface 38 of the nozzle outer shell
24. The nozzle membrane 1s sealed to the membrane 18 of
vessel 10 so as to form a continuous membrane layer to
protect outer shells 16,24 of vessel 10 and nozzle 20. More
preferably, the nozzle membrane 36 i1s integrally formed
with membrane 18, and 1s comprised of the same material.

As shown 1n FIG. 1, the nozzle membrane 36 protects all
surfaces of the nozzle outer shell 24 from contact with the
nozzle interior, and may preferably extend over an upper
surface 40 of flange 30 as shown 1n FIG. 1.

The nozzle 20 further comprises a cover 42 which 1s
bolted to the flange 30 via a plurality of studs 44 passing
through apertures in the cover 42 and flange 30. The cover
42 1s either made of a corrosion-resistant alloy or has a
protective cladding applied to 1t on the surfaces exposed to
the process. The cladding 1s usually metallic and may be a
distinct maternial from the material used for the vessel
membrane. The cover 42 has a central opening 46 through
which materials may be charged into or discharged from
vessel 10, and may preferably be secured about 1ts perimeter
to the flange ol process piping (not shown). It will be
appreciated that cover 42 may not necessarily have a central
opening, for example where 1t 1s desired to provide a “blind”
flange to completely close the nozzle.

The nozzle 20 further comprises a pre-formed insulating
sleeve 50 according to the present invention. Sleeve 50 1s
comprised of a polymeric material having a maximum
allowable service temperature greater than an operating
temperature inside the nozzle. The isulating sleeve 50 1s
hollow, having a side wall 52 which 1s preferably cylindrical
in shape. The side wall 52 extends along the nozzle axis 34
between the lower and upper ends 26,28 of the nozzle outer
shell 24 and, as shown 1n FIG. 1, preferably extends com-
pletely through the shell 12 of vessel 10.

The side wall 52 of insulating sleeve 50 has an outer
surface 54 and an inner surface 56. The inner surface 56
may, as shown in FIG. 1, define an inner surface of the
nozzle 20. The inner surface 56 of the sleeve 50 may be 1n
direct contact with the nozzle interior, and with the process
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fluids 1nside the vessel 10 or, alternatively, the nozzle 20
may be provided with a dip pipe (not shown) extending
through the insulating sleeve 50 and defimng the inner
surface of nozzle 20. The polymeric material comprising the
insulating sleeve 1s preferably chemically resistant, and
more particularly 1s highly resistant to elevated temperature
and corrosive process tluids, such that the sleeve 50 1s not
corroded over a prolonged period of exposure.

The insulating sleeve 50 provided 1in nozzle 20 accord-
ingly has several functions. As mentioned above, 1t may
form an 1nner protective limng of nozzle 20 which 1s highly
resistant to high temperatures and corrosive attack. Further-
more, the sleeve 50 has msulating properties which prevent
damage to the nozzle membrane 36 from elevated tempera-
ture, the nozzle membrane 36 being 1n direct contact with
the outer surface 54 of msulating sleeve 50 1n the embodi-
ment of FIG. 1. In order to ensure that the nozzle membrane
36 1s adequately protected, the side wall 52 of the msulating
sleeve 50 1s of suflicient thickness, and the polymeric
material comprising sleeve 50 has sufliciently low thermal
conductivity such that, when the inner surface 56 of the side
wall 52 1s exposed to the operating temperatures inside
nozzle 20, the outer surface 54 of side wall 52 remains at a
sufliciently low temperature that nozzle membrane 36 1s
maintained at a temperature below a target temperature,
which may be its maximum allowable service temperature.

The inventors have found that a suitable polymeric mate-
rial possessing high resistance to temperature and corrosive
process fluids, and having low thermal conductivity, are the
class of compounds known as fluoropolymers. The fluo-
ropolymer may or may not be remnforced by a fibrous
material such as glass fibres.

The most preferred fluoropolymers for use 1n the msulat-
ing sleeve 30 are those known as poly(tetratluoroethylene)
fluoropolymer resins, also known as PTFE. PTFE is reported
by one manufacturer to have an average thermal conductiv-
ity of 1.7+£0.3 Watts per metre-Kelvin a temperature range of
20 to 260° C. Further, PTFE will not melt at temperatures
encountered in the nozzle interior, as PTFFE resins are useful
at temperatures of at least about 260° C., and do not become
gel until they reach a temperature of about 327° C. Further-
more, PIFE fluoropolymer resins are essentially inert to
chemical attack, in particular by acids, even at high tem-
perature.

It will be appreciated that PTFE fluoropolymer resins are
particularly preferred for use in the present mvention for
clevated temperature applications where other polymers
would be exposed to temperatures above their maximum
service temperature or would not have suflicient insulating
value. In addition to its resistance to high temperatures and
hostile environments, the use of PTFE, by virtue of 1ts low
friction coeflicient, offers the added benefit of making the
isert easier to remove 1n one piece when disassembling the
nozzle during maintenance activities. It will also be appre-
ciated that other polymers exist which have high resistance
to chemical attack and low thermal conductivity and which
may be useful at lower operating temperatures, and that
maternials other than polymers may be used under other
conditions.

The preferred structure of insulating sleeve 30 1s now
discussed below 1n more detail.

The insulating sleeve 30 has an upper end 58 which 1s
provided with a radially outwardly extending flange 60
which 1s preferably formed from the same polymeric mate-
rial as the side wall 52. Preferably, the flange 60 1s annular
in shape. The flange 60 serves to retain the sleeve 50 1n
place, being recerved between the flange 30 of nozzle outer
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shell 24 and the cover 42, and preferably forming at least a
partial seal between the flange 30 and cover 42. The flange
60 also serves to further insulate the nozzle membrane 36,
and specifically protects the portion of membrane 36 which
extends over the upper surface 40 of the flange 30. Further-
more, the flange 60 creates a partial thermal break between
the cover 42 and the flange 30 of nozzle outer shell 24,
reducing the amount of heat which 1s transierred to the
nozzle membrane 36 through the cover 42. Of course, some
heat 1s transferred between cover 42 and flange 30 through
studs 44. However, the inventors have found that the system
can be designed such that this heat transier 1s insuflicient to
cause damage to the nozzle membrane 36.

In the preferred embodiment shown 1n FIG. 1, the side
wall 52 of sleeve 50 1s comprised of a single layer of
matenal. It will however be appreciated that the side wall
may 1nstead comprise two or more nested layers. The
thickness of the side wall will of course vary depending on
the insulating value required. A typical insulating sleeve

according to the invention will have a side wall about 0.5 to
6 1inches thick. It will be appreciated that the wall thickness
of sleeve 50 1s not shown to scale in FIG. 1.

In using polymeric materials such as P1FE at elevated
temperatures, care must be taken to allow for the thermal
expansion of the polymeric material. For example, a P1FE
sleeve can expand by as much as 20 percent at high
operating temperatures. It 1s one of the design requirements
that the insert, which can exert considerable stress 1f con-
strained during expansion, be allowed to expand without
causing stress and damage to the surrounding components 1n
the nozzle. This can be achieved, for example, as shown in
FIGS. 4A and 4B, by creating grooves 200 or 202 extending
radially 1nto the mner surface, the outer surface, or both the
inner and outer surfaces (as shown 1n FIG. 4F), of the side
wall of the sleeve and extending partway therethrough,
which close up with the thermal expansion of the PTFE, or
by otherwise allowing room for expansion. Alternatively, the
same ellect may be attained by providing slots 203 which
extend radially through the entire thickness of the side wall,
as shown 1n FIG. 4E, or by providing radially outwardly
extending ribs 204 on the outer surface of the sleeve as
shown 1n FIG. 4C. It will be appreciated that the grooves,
slots and/or ribs may extend axially along the sleeve side
wall, and may preferably extend along the nozzle axis, 1n a
spiral along the sleeve side wall, or two sets of spiral grooves
may be run 1n a crosshatch pattern. In another alternative
arrangement, a layer of compressible material may be pro-
vided adjacent to, or 1in the vicinity of, one or more surfaces
of the sleeve. For example, the outer surface of the sleeve
may be provided with a layer 206 of a compressible material
as shown in FIG. 4D. It will be appreciated that a layer of
compressible material may also be provided adjacent to the
flanges of sleeves according to the invention. The compress-
ible material may preferably comprise an expanded poly-
meric packing, and may preferably be comprised of PTFE.
With care, allowance for expansion of the sleeve can be
made without compromising its insulating effectiveness.

Although the nozzle 20 illustrated in FIG. 1 does not have
a refractory liming, 1t will be appreciated that the nozzle 20
may preferably be provided with a lining of refractory brick,
similar to that shown 1n FIGS. 2 and 3, in between the nozzle
membrane 36 and the outer surface 54 of the insulating
sleeve 50. In a retrofit situation, where the membrane
temperatures are found to be unacceptably high, or above the
target temperature, and there 1s isuihicient room 1n the
nozzle to install refractory while keeping the necessary open
inner process diameter, installation of the msulating sleeves
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according to this embodiment of the mnvention can provide
the necessary solution to the problem. It will also be
appreciated that the refractory lining of the nozzle or of the
vessel may be recessed to receive the insulating sleeves, as
an alternative or in addition to the flange 60, to assist 1n
retaining the msulating sleeve 50 1n place.

FIGS. 2 and 3 illustrate a second preferred embodiment of
the present invention, i which a plurality of polymeric
insulating members are provided to insulate a nozzle mem-
brane against damage due to overheating by way of thermal
conduction through the vessel nozzle cover.

FIG. 2 illustrates a portion of an elevated temperature,
high pressure process vessel 100 having a shell 102 com-
prised of an inner refractory lining 104, an outer metal shell
106 and a membrane 108 received between the refractory
lining 104 and the outer shell 106. As 1n the embodiment of
FIG. 1, the membrane 108 1s comprised of a malleable or
flexible material which protects the outer metal shell 106
from contact with corrosive process fluids within the vessel
100. Also, as with the embodiment of FIG. 1, the nozzle has
an nterior communicating with an interior of the vessel 100.

The vessel 100 1s provided with at least one nozzle,
including nozzle 110 illustrated 1n FIG. 2. As 1n the embodi-
ment of FIG. 1, nozzle 110 connects the interior of vessel
100 to process piping (not shown) through which matenals
are charged into or discharged from the vessel 100.

The nozzle 110 comprises a plurality of layers. An outer
layer of the nozzle 110 comprises an outer shell 112 pro-
jecting outwardly from the outer shell 106 of the vessel 100.
The nozzle outer shell 112 has a lower end 114 which 1s
sealed to the outer shell 106 of vessel 100, preferably by
welding. The nozzle outer shell 112 also has an upper end
116 which 1s provided with a radially outwardly extending
flange 118 by which the nozzle outer shell 112 1s secured to
a cover 120. The cover 120 covers the upper end 116 of the
nozzle outer shell and 1s secured to flange 118 by a plurality
of studs 132 passing through apertures in the cover 120 and
flange 118. The nozzle outer shell 112 also has a side wall
122 extending between lower and upper ends 114,116, the
side wall 122 defining a nozzle axis 124.

Located inwardly of the nozzle outer shell 112, the nozzle
110 1s provided with a nozzle membrane 126 lining an
interior surface 128 of nozzle outer shell 112. As 1n the
preferred embodiment of FIG. 1, the nozzle membrane 126
extends along the entire surface of the nozzle outer shell 112
which would otherwise be exposed to process fluid, and 1s
preferably formed integrally with the membrane 108 of the
vessel shell 102, preferably being formed from the same
materal.

Preferably, as shown in FIG. 2, the nozzle 110 also
comprises a refractory layer 130 located mmwardly of the
nozzle membrane. The refractory lining 130 of nozzle 110 1s
comprised of a plurality of layers of bricks (not shown)
having joints sealed by mortar, the refractory lining 130 of
nozzle 110 being continuous with the refractory limng 104

of the vessel 100.

As shown 1n the detailed view of FIG. 3, the cover 120 has
an upper surface 134, an opposite lower surface 136 and an
inner surface 138 extending between the upper and lower
surfaces 134,136. As shown in FIG. 3, upper and lower
surfaces 134,136 extend radially outwardly, with the lower
surface 136 facing the upper surface of the flange 118 of the
nozzle outer shell 112. The mnner surface 138 of cover 120
defines a central aperture of cover 120, which 1s preferably
circular 1n cross section. The upper surface 134 of cover 120
may preferably be secured to an upper member 140 which
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may comprise a tlange or cover member for securing process
piping (not shown) or a dip pipe (not shown) to the nozzle
110.

In accordance with the invention, polymeric insulating
members are provided 1n order to reduce the transier of heat
to the nozzle membrane 126. The refractory layer 130 of
nozzle 110 will eflectively isulate portions of the nozzle
membrane 126 extending between the lower and upper ends
114, 116 of the nozzle outer shell 112. Accordingly, addi-
tional 1nsulating material 1s not required for this portion of
the nozzle membrane 126. In order to insulate the nozzle
membrane 126 at the upper end 116 of nozzle 110, and 1n
particular in the portions of nozzle membrane 126 extending
upwardly and radially outwardly of the refractory lining 130
along flange 118, the present invention provides polymeric
insulating inserts which may be comprised of one or more
individual components.

In the embodiment shown 1n FIGS. 2 and 3, the polymeric
insulating insert comprises a first hollow, axial msulating
member 160 having an upper end 162, a lower end 164, an
inner surface 166 and an outer surface 168. The mnner surface
166 of axial insulating member faces the interior of nozzle
110 and the outer surface 168 of the axial insulating member
faces the mnner surface 138 of the cover 120, and 1s prefer-
ably in contact with the inner surface 138 of cover 120.
Therefore, the axial insulating member reduces heat transfer
into the cover 120 which could otherwise raise the tempera-
ture of the nozzle membrane 126 above the target tempera-
ture. Preferably, the upper end 162 of axial insulating
member 160 1s provided with a radially outwardly extending
flange 170 which 1s clamped between the cover 120 and the
upper member 140 or rests on cover 120 to retain the axial
insulating member 160 against movement. The flange 170
also provides a partial thermal break to reduce transmission
of heat from the upper member 140 to the cover 120.

The nozzle membrane 126 1s also protected by a radial
insulating member 172 extending radially outwardly of the
axial insulating member 160 along the lower surface 136 of
the cover 120.

The radial insulating member preferably comprises an
annular ring of polymeric material which effectively reduces
the transfer of heat from the refractory lining 130 to the
cover 120 and nozzle membrane 126. The radial insulating
member 172 and the axial mnsulating member 160 preferably
abut one another at the corner of the lower surface 136 and
inner surface 138 of cover 120, and may preferably be
integrally be formed with the axial msulating member 160.
In order to enhance insulating properties, and to allow for
thermal expansion of insulating member 160 and other
components while maintaining contact, and to preferably
provide a seal, one or more layers of expanded (foamed)
polymer packing 174 may preferably be provided between
the cover 120 and radial insulating member 172, and at other
surfaces where allowance must be made for expansion of the
insert.

The polymeric material comprising the insulating mem-
bers and the expanded polymer packing of the embodiment
shown 1 FIGS. 2 and 3 i1s preferably the same as the
insulating material of msulating sleeve 50 described above.
The thicknesses of the inserts 160 and 172 are preferably
selected so as to maintain the temperature ol the nozzle
membrane 126 below the target temperature, and also to
provide the msulating members with the requisite mechani-
cal properties to remain in place at the service temperature.

Although the present imvention has been described in
connection with certain preferred embodiments, 1t 1s not
intended to be limited thereto. Rather, the invention i1s
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intended to include all embodiments which may fall within
the scope of the following claims.

What 1s claimed 1s:

1. A nozzle for a process vessel for operation at an
clevated process temperature, the vessel having an outer
metal shell, an mner insulating lining, and a membrane
between the 1nsulating lining and the outer shell, the nozzle
having an interior communicating with an interior of the
vessel and comprising;:

(a) a nozzle outer shell sealed to the outer shell of the
vessel, the nozzle outer shell having first and second
open ends, and a side wall defining a nozzle axis
extending between the first and second ends of the
nozzle outer shell;

(b) a nozzle membrane lining an interior surface of the
nozzle outer shell, the nozzle membrane being sealed to
the membrane of the vessel;

(c) a cover provided on the first end of the nozzle outer
shell; and

(d) a pre-formed, replaceable insulating sleeve comprised
of a thermally insulating polymer material having a
maximum allowable service temperature greater than
an operating temperature inside the nozzle, wherein the
insulating sleeve 1s resistant to corrosive attack by
corrosive process fluids, the insulating sleeve being
hollow and having a side wall having an 1nner surface
and an outer surface, the side wall of the sleeve
extending along the nozzle axis between the first and
second ends of the nozzle outer shell;

wherein the side wall of the isulating sleeve 1s of
suflicient thickness and has sufliciently low thermal
conductivity such that, when the msulating sleeve 1is
heated by the process temperature during operation of
the vessel, the outer surface of the side wall remains at
a sufliciently low temperature such that thermal energy
transmitted through said insulating sleeve to said
nozzle membrane 1s insuilicient to raise the temperature
of any part of the nozzle membrane above a target
temperature.

2. The nozzle according to claim 1, wherein the insulating
sleeve has first and second ends, the first end being provided
with a radially outwardly extending tlange formed from the
thermally msulating material.

3. The nozzle according to claim 2, wherein the flange and
the side wall of the msulating sleeve are integrally formed
from the thermally 1nsulating material.

4. The nozzle according to claim 2, wherein the first end
of the nozzle outer shell 1s provided with a radially out-
wardly extending flange to which the cover 1s secured, the
flange of the mnsulating sleeve being received between the
flange of the nozzle outer shell and the cover.

5. The nozzle according to claim 4, wherein the nozzle
membrane has an end portion which extends into a space
between the nozzle flange and the cover, wherein the flange
of the insulating sleeve 1s of suflicient thickness such that
thermal energy transmitted from the cover to the end portion
of the nozzle membrane 1s insuilicient to raise the tempera-
ture of the end portion of the nozzle membrane above the
target temperature.

6. The nozzle according to claim 1, wherein the outer
surface of the msulating sleeve side wall 1s 1n direct contact
with the nozzle membrane.

7. The nozzle according to claim 1, wherein the nozzle 1s
provided with an msulating layer between the nozzle mem-
brane and the outer layer of the mnsulating sleeve.
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8. The nozzle according to claim 1, wherein the side wall
of the 1nsulating sleeve extends through the inner insulating
lining of the vessel.

9. The nozzle according to claim 1, wherein the target
temperature of the nozzle membrane 1s its maximum allow-
able service temperature.

10. The nozzle according to claim 1, wherein the ther-
mally insulating material 1s reinforced by a second phase to
improve 1ts mechanical or thermal properties.

11. The nozzle according to claim 10, wherein the second
phase comprises a fibrous material.

12. The nozzle according to claim 1, wherein the ther-
mally isulating material 1s a tluoropolymer.

13. The nozzle according to claim 12, wherein the fluo-
ropolymer comprises poly(tetrafluoroethylene).

14. The nozzle according to claim 1, wherein the side wall
of the mnsulating sleeve 1s provided with means to accom-
modate thermal expansion of the sleeve.

15. The nozzle according to claim 14, wherein the means
for permitting thermal expansion are selected from one or
more members of the group comprising axial grooves
formed 1n the side wall of the sleeve, axial slots through the
side wall of the sleeve, axial ribs formed on the side wall of
the sleeve, a layer of compressible material adjacent to or in
the vicinity of the sleeve, and gaps for expansion adjacent to
or 1n the vicinity of the sleeve.

16. The nozzle according to claim 15, wherein the com-
pressible matenal comprises an expanded packing compris-
ing the thermally insulating polymer material.

17. The nozzle according to claim 1, wherein the second
end of the nozzle 1s closed ofl blind.

18. A nozzle for a process vessel for operation at elevated
temperature, the vessel having an outer metal shell, an inner
insulating liming, and a membrane between the insulating
lining and the outer shell, the nozzle having an interior
communicating with an interior of the vessel and compris-
ng:

(a) a nozzle outer shell sealed to the outer shell of the
vessel, the nozzle outer shell having first and second
open ends, and a side wall defining a nozzle axis
extending between the first and second ends of the
nozzle outer shell;

(b) a nozzle membrane lining an interior surface of the
nozzle outer shell, the nozzle membrane being sealed to
the membrane of the vessel;

(c) a cover provided on the first end of the nozzle outer
shell, the cover having a first surface, a second surface
supported in facing relationship to the first end of the
nozzle outer shell, and an inner surface extending
between the first and second surfaces of the first cover,
the mner surface defining an aperture 1n the cover; and

(d) a pre-formed, replaceable hollow, axial insulating
member comprised of a thermally insulating polymer
material having a maximum allowable service tempera-
ture greater than an operating temperature inside the
nozzle, wherein the axial insulating member 1s resistant
to corrosive attack by corrosive process tluids, the axial
insulating member comprising a side wall having a first
end, a second end, an inner surface and an outer
surface, the inner surface facing an interior of the
nozzle and the outer surface facing the mner surface of
the cover;

wherein the side wall of the axial insulating member 1s of
suflicient thickness and has sufliciently low thermal
conductivity such that, when the axial insulating mem-
ber 1s heated by the process temperature during opera-
tion of the vessel, the outer surface of the mnsulating
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member side wall remains at a sufliciently low tem- operating temperature inside the nozzle, the second
perature such that thermal energy transmitted through radial insulating member extending radially outwardly
the insulating member to the nozzle membrane 1is of the first end of the axial insulating member and being,
insutficient to raise the temperature ot any part of the received along the first surface of the cover.

nozzle membrane above a target temperature. ° 21. The nozzle according to claim 20, wherein the second

19. The nozzle according to claim 18, further comprising:

(¢) a first radial insulating member comprised of the
thermally insulating polymer material having a maxi-
mum allowable service temperature greater than an
operating temperature inside the nozzle, the first radial 10
insulating member extending radially outwardly of the

axial insulating member along the second surface of the | | o
cover. 23. The nozzle according to claim 18, wherein the nozzle

20. The nozzle according to claim 18, further comprising: 1s provided with an insulating layer inwardly of the nozzle
(1) a second radial insulating member comprised of the 15 membrane.

thermally insulating polymer material having a maxi-

mum allowable service temperature greater than an %k % k%

radial insulating member 1s formed integrally with the axial
insulating member.

22. The nozzle according to claim 18, wherein the first
radial insulating member comprises an annular ring extend-
ing radially outwardly of the second end of the axial
insulating member.
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